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SUMMARY

Wind-tunneltestshavebeenmadeofa semispanmodelofa hori-
zontaltailofaspectratio4 andtaperratioO.5equippedwltiha
full+panconstantihordelevatorhavinganma equalto20percent
ofthetotalsemispan-tailarea. .Thehorizontal tail wasnot swept
andthe profilewasa sherp-e~d,faireddoublewedgewitha
thiolmess+hordratioof0.042.Lift,drag,and~itoh~nt-
dataarepresentedfora Reynoldsnumberof2,000,000atMaohnumbers
from0.20to0.94. .

At small anglesofattaokandsmallelevatordeflections,the
effectofcompressibilityontheeffectivenessoftheelevatorin
produc~ liftwassmallatMachnumberslessthan0.60.Therewas
a gradualinoreaseineffeotivenessbetweenkoh numbersof0.60ad
0.90toa valueequalb 146peroentofthelow-peedvalue.Athi@er
Mch numberstheeffectivenessdecreasedsli@tlytoa valueat a Moh
numberof0.94equalto127peroentofthelow-peedvalue.me
variationofliftcoefficientwithelevatordsfleotionwasnotlinear,
theeffactivenessbeinglowerfordefleotionsfrcm0°to2°thanfor
deflectionsfrom2°to4°. Neitherthemagnitudenorextentof&is
nonlinearityineffectivenessatsmallelevatordeflectionswa~
aggravatedbyimpressibility.

INI!RO1307XION

Reoentinvestigationshaveindioatedseveralwingplanforms,
wingseotions,andwing+ody+ailmmbinationssuitableforfli@t
atsupersonicspeeds.Onesuchliftingsurfaoe,a thin,sharp+3Qed
wingwithoutsweepofaspeotratio4 andtaperratio0.5,hasbeen

,
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the sub@ot of an inveatlgatlon In the Ames12+’oot pressurewind
tunnel. me aimof the investigation wasto determinethe aero-
_o okraoteristios of suoha wingplan fom throughoutthe remge
of subsonloMaohnwibersup to O.A. Variousphasesoftheinvesti-
gationhavebeenreportedinreferences1,2,3,and4. Applloation
ofthedataofthesereferencestoa a~l oodxlnati~
InMoatedthepossibilityofobtainingadequatelongitudinaloontnl
throughoutthespeednangebyusingeitheranall+novablestabilizer
oranadjustablestabilizerwithanelevator.Toprovidedataonthe
effectivenessofanelevatorappliedtosuoha planfomn,themodel
prevlousl.ytestedasa winghasbeentestedasa horizontaltailwith
a full+panelevator.T!hetestswereoonduotedata oonstantReynolds
nuniberof2,000,000atMaohnmbersfrom0.20toO.*.

coE13mom?mAm smBoIs

‘l’hef ollwlng ooeffioients are used in this report:
Ilft Ooeffioklt ()

J2Jk
—

()dragooeffiulent *

t ooeffioient aboutquarte-ozd pointpitohi~

of the meanaerodymmioohord
P-

Itoh
)

moment
qaz

Thef ollawlng synbols are wed in this report:

speedofsound,feetperseuond

twioemodelsemlspan,feet

100alohord,feet

man aerodpamloohord,ohordthroughoentrcddof

Semispanplan+rorm

()
Maohnumber ~

()$W’02 Q

- * ‘ ‘eet
o

fre~treamdynamlopressure
()
p~

foot
~ , mm per square

E

.

—
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v

Y

()pvzReynoldsnmiber ~

areaofSmmispantail, squarefeet

airspeed,feetperseoond

disteme fromplaneofsymmetrytoanyspanwlsestation,
feet

angle of attaok of tail-ohord plane, degre-

elevatordafleot ion, positive to .inorease Ilft,degrees

visoosityofair,slugsperfoot+eoond

massdanaityof air, slugs per oubio foot

()~ o, ‘keasuredat a=o
aa 8=0°

\ 4

(Thesubsorlpteoutside the peu’enthesisindioate the
faotor held oonstant during the measurementof the
parameters.)

MoImJUmJ!xTARAm

Thetests were oonduotedin the Ames12-foot pressurewindtunnel.
horizontaltailwithfull+panelemtorusedinthisinvestlgatton
thesamemdel asthatusedInthetestsreportedinreferenoe1.
semispanmdel representeda tailofaspeotratio4 W taper

The
was
The
rattoO.> The~eroen&ohordlineofthetailwasnormaltothe
plansofsymmetryandtheairfoilprofilewasa sharp-edged,symatrioal,.
faireddoublewedgewitha thiolmess-ohordmtlo ofO.Ok. The oonstant+
ohmd elevator hadanareaequalto20peroautofthetotalsamispan
tailarea.Theunsealedgapbetweentheelevatorandthetailwas0.015
InOh.Dimensionsofthemod61aregiveninfigure1. Thesemispan
modelwasmountedvertioalQinthetunnelasshowninfigure2. The
leaedge flapwithwhiohthemdel was~uippedremainedundefleoted
throughoutthepresentseriesoftestsandallsurfaoeroughness

—. 4
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assootatedwiththeleadi-e flapand,itsanglebraoketswas
mlnlmlzedbysealingthegapandsmoothingthesurfaoe.Theelemdor
wasattaohedh thetailbyhingesandrigidlyheldInpositionby
steelangleplates.Angulardistortionoftheelevatorduetoaero-
dynamicloadswasne@i@ble.

COKRWI!IOJ!SToIwrA

Thedataofthisinvesti~tlon havebeenoorreotedfortunne~
wallInterfereme,oonstrlotl.onduetothetumelwalls,andmodel-
supporttareforoes.Themethodofreferenoe5 wasused in oorreoting
the data for tunnel+ll lnterf~eme. Thefollmwingoorreotime were
added:

q) = 0.00% of
Mm .()

Corrections.tothedataforoonstriotioneffeotsofthetunnel
wallshavebeenevaluatedbythemethodofreferenoe6. Themsgm-
tude of these oorreotionsasapplledtoMaohnuniberandtodynamlo
pressure(msasuredwiththetunnelempty)isil.lustmtedbythe
followingtable:

Correoted
Maohnunher

Unoorreoted
I&oh nuuhr

O.gb
●92
.9
.87
.85

::
.x
●20

0.931
.915
JJ!99

.848
●799
.-m
●m
,200

~ocm?eotedl
9,~o~eoted

1.004
1.003
1.002
1.002
1.002.- 1.001
1.001
1.001
1.001

w
. .. .

.

—

‘Thevaluesof ~o= tdiquoo~t~ whiohwerepresentedIn
Treferences1,3,and , were erroneous~ tabulatedandwere not the

valuesusedinthereduotionofthedata.Theoorreotvaluesare
presentedhereinandarethevalueswhiohwereaotuallyappliedto
alltestdataonthismodel. — v

Q!!!---.._-...—. D
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Z&e oorrec!tioneduetotheairforoesexertedonthe~sed
sreaoftheturntablewereobtainedfromforoe-asurementsmadewith

. themodelremovedframthetunnel.Possibleintetieren~eeffeo~
betweenthemodelandtheturntablewerenotevaluatedbuttheyare
believedtobesmall.Themagnitizdeofthemeasuredtaredragooef-
fioientwas0.0063.

I
mm

Lift,~, d pitom~ nt data havebeenobtainedfora
rangeofangleofattaokata omstantReynoltinuniberof2,000,000
andI&ohnunibersfrmu0.20to0.94.~orga~hamgleofattaokand
Machnunibertestsweremadewithelevatordefleotimof0°,2°z4°,
&, 10°,206,and30°exoeptata Maohnmiberof0.94wherethe
~ elevatirdefleotlonwaslimitedto20°.Atlowspem Sthe

Y
le-of-attaokrangewasfrom-15°to150,butatMoh nmibersabove

O.5 therangewaslindtedby-tunn61powerandmdel strength.

Lift,~, andpitohi~ t oharaateristfosasa function
b ofangleofattaok=e presentedInfigures3 toU, inolueive,for

elevatordefleotimsof0°,2°,4°,6°,10°,20°,and30°atMaoh
nmibersof0.20,0.50,O.w, 0.80,0.85,0.87,0.90,0.g2,and0.94.
Sime thetailprofileissymmetrical,thedatapresentedInthese
figuresforposltlveelevatordefleotlonsoanbeusedtoindioate
theeffeotofnegativeelevatordefleotioneby simplyreverszng
thealgebralos&s ofthecoordinateaxes.‘me&fiationoftit
ooeffiolentwithelevatordefleotfonforvarious
showninfigure12E@ theliftdataareplotted
14asa functionofMaohnuniber.

Maohnmibereis
Infigures.13 and

LiftCharmteristios

oharacteristlosofStabilizereffeotlveness.-Theaerodynamic
thehorizontaltailwiththeelevatorneutral(figs.3 toI-1,inolusive)
havebeenfullyreportedinrefererme1. Despitethesymmetryofthe
profile,theoharacterofthestallwiththeelevatorneutralwas
dependentonthealgebmicsignoftheangleofattaok.Thisis
especial.lynoticeableata Maohnumberof0.80(flg.6)where-the

. tallstalledabruptlywitha sizablelossofIlftat8°angleof
attaok,buthada gentlestellwitha relmbivelyemalJlossoflift
atabout-U2°angleofattack.Thisasymmetryw bedueinwrt to

9
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a smild.inadvertentdefleotlonoftheleadl~dge flapor‘to
differencesinthesurfaoeroughnessoftheupperandlowermrfaoes
asa resultoftheflapanglebraokets.ExoeptattheMoh nuriber
of0.80,thevarlatlonofllftooeffIolentwithangleofattaokwith
theelevatorneutralwasnearlyaynurtetrloalabouttheangleofzero
lift. AtMaohnmibersof0.80and0.85withtheelevatorneutral,
thetailstalledabruptlywitha sizablelossofllft;whereasat
Maohnuniberslessthan0.80theMft ourvewasroundedatthestall.
TheMaohnuniberatwhiohthetypeofstallohanged- affeotedto
someextentbytheReynoldsnumberasoanbeseenfromthedataof
referenoe1.

Theeffeotofomphessibilityonthelift-ourveslopewiththe
elevatorneutralIsshowninfigure15. TheIlft-ourveslopeinoreased
f- O.O@ to0.095astheMmh numberinoreasedfrom0.20to0.94.

Elevatoreffeotlveness.-ThevariationofliftooeffIoientwith
elevatordeflectionforvariousMaohnruibersIsshowninfigure12.
At defleotionsbetween0°and2°,theelevatoreffemotivenesswas
generallylowerthan‘fordeflectionsbetween2°and4°. Neitherthe
magnitudenortheextentofthisreduoedeffemotivenessatdeflections
nearzerowasaggmvatedbyowrpresslbillty.Ata Maohtier of0.20,
theelevatoreffeotlvmesswasa~imately Unearfrom2°to15°
witha valueofslope&/& of0.034.Thevalueof ~/bO
prediotedfromthin+lrfoiltheory(referenoe7),assumingtheaqeri-
men,,lvalueoftailllft+urveslope,was0.035.

Theeffcotsofoompressibilltyontheelavatoreffectiveness
parameterserepresentedInfigure15 where0L8* and w areshown
asfunotionsofMaohnuuiber.Duetothenonlinearityofthevarlatlon
oftheliftooeffioientwithelevatordeflectionforsmallelevator
defleothns,theeffemotivenessparameter~5* wasobtainedas the
dlfferemeIntheliftooeffioientdueto4°ofelevatordeflection
dividedby4. Thevalueof ~5* was0.030andwasnotaffeotedby
oaarpessibilityatMaohnumbers‘lessthan0.60.AstheMaohnuniber
wasinoreasedtoO.gO,W8* im~~ to0.Ou,subsequentlydeoreas-
ing-to0.038ata Maohnuniberof0.94.

Todemonstratemoreolearl.ytheeffeotsofmnrpressibllltyonthe
elevatoreffeotlveness,thevariationofIlft ooeffioientwithM@
numberforvarious@es ofattaokofthetailwithoonstantelevator
deflectionsispresentedinfigure13,andthevariationofliftooef-
fiofentwithMaohnuuiberforvariouselevatordeflectionsatoonstant
anglesof.attaokispresentedinfigure14. Infigure14,thedata
obtainedwitha positiveelevatordefleot%onanda negativeangleof

8
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attmkarepresentedasdataforne~tiveelevatordefleottonsata
. poeltlveangleofattaok.

DragCharaoteristios

me effcotsofelevatordefleotlononthedragdw.’aoteristlos
ofthehorizontaltailareshowninfigures3 toU.,Imluslve.At
Mmh nuuiberslessthanO.~ themlnlmundmg ooeffiolentwaslittle
affeotedby elevatordefleotionfordefleotionsupto@. At elevator
deflectionsgreaterthan@, theminimumdmg ooeffiolentInareased
withIncreasingelevatordeflectionatallMaohnuuibers.AtallMaoh
nmibemlessthan0.92,themaxlmmlift-dragratiowasInoreased
sllghtl.ybysmll deflectionsoftheelevator.

Pitohtn@omntCharmteristtos

Zheeffeotsofelevatordeflectionontiepitohi~t oharao-
. teristiosofthehorizontaltailarepr-entatifi~ 3 to11,

Lmlusive.Ata Maohnumberof0.20,therewasa markedrearward
movementoftheaercdynsmiooenterstartinsatanangleofattaokof
approximately@. Theeagleofattiokatwhlohthismvemnt started. wasnoteffeotedbyelevator deflection.As the&oh nuuberinoreased,
theextentoftherearuardmvementwasreduoedandoomrredat
slightlysmalleranglesofattaok.Theeffeotofelevatordefleotlon

t ooeffioientwasstronglyaffeotedbymnupressi-onthepitohing+mnen
Mllty. Ata Maohndberof0.20,thepitohi~ t ooefflaientat
zeroMft dueto6°ofelevatordefleotlonwas-0.056.Withthis
sameelevatordefleotionandata Maohnuniberof0.94,tiepitohins-
momentooeffioientatzeroliftwas-0.120,anInoreaseof114peroent.
Similarinoreaeesinpitohing+mentooeffioientwithinoreaslng&oh
numberareapparentforallelevator defleotions.

AmesAeronauticalLaboratory,
NationalAdvisoryCommittee

Moffett-Field,Calif.
forAeronautlos,

n



8

1. Johnson,BenH.,
Ratio4 inthe
tertstiosofa

2. Johnson.Ben”H..

HACARMA9E05

Jr.: Investf@tionofa ThinWingofAspmt
AmesU&FootPressureWindTunnel.I - Cherao-
PlainWing.MICARMA8D07,1948.

Jr..andBandettlnl,An8el.o:Mesti8ationofa
Thin kg ofkpeo;Ratio4 inthe--- 12-3’ootPressureWind
Tunnel.II- TheIKfeotofConstan&ChmdLea- andTraillns-

..

EdgeFlapsontheLow-S~edCharada?xtstdusoftheUlng.
MICARMA8W15,1948.

3. Johnson,BenH.,Jr.,andDade, FredA.: Mestisationofa
ThinWingofAspeotRatio4 intheAmes=oot PressureWind
Tunnel.III- TheRffeotivenessofa ConstanlMhoMAileron.
HACARMA8~7,@8.

4. Johnson,BenH.,Jr.,andReed,VerlinD.: Investigationofa
TMn WingofAspeotRatio4 intheAmes1.2=ootPressureWind
Tunnel.IV- TheEffeotofa ConstanK!lmrdLeadin@Mge
FlapatHighSubsonloSpeeds.NACARMA8Klg,1949.

5. SivelJ.s,JamesC.,andDeters,OwenJ.: JetAoundaryandP1’n-
FormCorreotlonsforPartial-SpanModelswithReflection
Plane,EudPlate,or no EndPlate,ina ClosedCiroularWind
!hnmel.NACATN1077,lg46.

6. Herrlot,JohnG.: BlookageCorrmtionsforThree+Oimensional-
I’lowClos~mt WindTunne%withConsiderationofthe
EffeotofCompressibility.MICARMA7B28,1947.

- 7. Allen,H.JuliarxCaloulatlonoftheChordwlseLoadDistribution
overAirfoilSeotionswithPlain,Split,orSeriallyHinged
~ill-e Flaps.HAM Rep.634,1938.

.



RACAI/MA9E05

/t ~,
/2.00

1

,

E/evotor
hhge he

Moment

T
16.00

1
1------ 24?oo~+

9

A// dimensions
given in inches
un/essotherwise
~eciffed.

3.55

Tallplanform
Note: Leading- und hihhg-
edge radfi an 0.005.

L
R=L686C .OtigffP7 .

.I===--’-= ‘
.042 c .045C S.l”

/-— -— -— - ●-— - L .—

L--i’./50 c
t

e c E
Twiculsectfon,gymmetribal$Wwddwb/enwdge

.
Figure/.– Semispanmodel of o horizontalfall of aspect rdo 4

tisted h the Ames /2- foot pmssumWYW funnel



I

.

.

1

—

it

.



NACAEMA9EQ5 u
—- ..—— —

-m ..i .,m-.-

k-.....-...-.** ~-. ,

-e 2- Semlspanmodelofa horizontaltallofaspectratio4 mounted
IntheAmes=foot pressure windtunnel.



I

I

#

9

.



.

# s , a . *

I,,,1“
i

,,,.



.

#n I

I I I I I I I>1 I I

.

.6—

f.K

ID

.8

-.4

‘.6

‘.8 ●
b

o .04 .08 ./2 ./6 .20 .24 .28 .32 .36
mg meftwnt,~
(WG w C*.

~ 3.—cauc&ad.

.

—

w

.

.—.

u

.

%ormrumcIAL”



. ..- -.. . .
“1

1!
E

1



16 . .
lIACARMA$lllX15

M

/.0

.8

.6

.4

2

0

-.2

-.4

-.6

-.8

I

--o .04 *W ./2 ./6 20 24 .28 .32 .36
awg Coofflclant,~

(N% Use..

.

T

9



. . .

● ✃
☛ ✎

.

E!

Iil

-.ZV -m %&w

oAfa#mnAw
~

. . .



.

18

/.2,

.8

.6

-.4

-,6

NACAEMA911X15—-
.

/
/’

L
1111
11.1’1

--t-aa

1. L I I I I I

I I I I I I I 1 1 ,
.“

0 .04 .W ./2 ./6 .20 .24 .28 .3~ .36
&og cq8fffc/ent, ~

(’..} c~ Vs q) ●

#@m 5.—CmCludd.

.

●

.



161 I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I [

.

E!



●

✎

.



,

,



22 NACAFMA9E05

44

/.2

1.0

.8

.6

v /0

Qso

.

‘.6

-f.o
o .04 .08 ./2 ./6 ‘.20 ..24 .28 .32

.

.

.

.

F- x — Concluded

%o@YErm



.. ... . . . .

14

L?

m

.8

e
-.8

3
* .4

1!
%2
2

0

-2

-.4

-.8

-.8

+0
-A5 +2-8-404 8A?B

. .



,24

[4

.8

.6

,.

.

-.2

-.4

EACARM—- A9E05
.

a—

.“

.

I I I I I I I I I 1 I I I I-lo
0 .04 .08 ./2 ./6 .20 .24 .28 .

.



. -.. .,.

. * 1 , b ,

s

. . .



.

26 -.

o

—



. .-

● ✎

.

r ●

.8

30

t
5 -2

-.4

-.6

:8

E
ii

ii
8

t~~iiii iiiiiii iiti-ii iiiiiiiiiiiiiiii”i iiil
‘%?4 ?-4 O 4 8 E.A?L19dM 0@#4?&J6&12 .i# &64P S

.- . . .-



28 ~NFmmT.T@
/2

Lo ‘ A

.8

.6 -

s

‘.6 - *

‘.8

“Lo
o .04 .08 ,12 J6 .20 .24

bog &fmt , ~
(MC VSCD.

Fblo. — Concluded
.

.-
.

.



. . ‘ ,

.

b ,

J-t-l-M

E!

!i

4
I
1;I
i: s

.



.

/. o

.8

.6

.4

.Z

o

-. E

74

-.6

-. 8
0

~*Igr--- IUCAFMA$)E05

.04 .(29 ./2

Dregcoefficient,Go

(b)~ H G*●

./6 , .20

.

.

.

.

.

.



.

.

.

%-
“ -=?

---- - ..-.

c ~.: 31

(d M,Q20.
E...gm?/’2.—me wthtlon of l’ft coeft7ci&#with elevulbrdeflection&

wrhus uig/m of ottack of the tall.

. . .

——



32
a

. .. . . ..-. .

NACARMA9E05 -.

.

.

G
Q
~
-1

.

.



.

.

NAM I/MA9E05 33

c



34
..—. . ..*. .=—-----

W IM A91!X33-

●

—

—

.
.

.

EbImmIm:“-_
— —.—— -T ‘-



HACARMA9E05 35
.

.

.

.

.

.

.



36
.—

d

.

.

.

t

-“. .



MACAFMA9E05 37

.

.

.

10) ~ I I x I I 1 I I I A I I I I I I

1/1 [A I I I I I

-.8’ , m , , A

1 1

I
,

I
, ,

.

:4 04 8 /2 /6 20 24 28 32
E%wohardeffectkwa8, , dsg

(9) M, 0.90.
n- /2. — &W?i/d .



38 I!UARMA9E05

/.+

Lo

.8

.6

“Ii-.4-4° . -

-.6 -6”
I

-8”
-1 , I I

~“— ---- -------..
=Qm2?4EQ!k-“-*



.-

-4 04
Etbvubr

n- 12.—Concluded.

39

8 /2 /6 20 24
deflect)!!, 8@ , ~

(1)M, 0.94 .



. . . ,—. — --- . . .

-0.1 .2.3 .4.5”s .798 .9 10
Mmh mmbar,M
(’a) 8,,0:

)7@n?Az— w Vo- of 14 mmWM Wm Mu& mml&r

mvdwsangiilsdm Ofmwl.

. b

.

# ●

✎

,



.

, . , ,

-.4 I
t-r j

1 I I I I I I I I I I Is1 1 1
I I I I i, I Y

-J? 1 1 I Ii ill.-
0.. .1 .2 .3 .4 .5 .6 .7 .8 .9 ~

Machnumber, M
(b) de, 4:

.

.



NAM m A9E05
.

.

--
Mach number,M

(C) 8e,/0:

.

,

,.



NAcARMAgEK5 ’43

.
.

.r

0 J .2 .3 .4 .5 .6 .7 .8 .9 ~~
Machnumber,M
(d) 8,,20:

.

.

..—

.

9

E&im/’— G&tw .

.

—



NAcARMA9E05
.

●

F~ /3.—

.2 .3 .4 .5 .6 .7 .8 .9 lo
Moth number,M
(e) 8@,30°.

Concluded.

.

m

~— .....__

-Q?ggg!yfw—...



.

.

.

.8

-9

, ,

..

. ,

I

.- ---



-. . . . . . .- —.

, . . . ●

.-



.

● s

..

, *

.

. ,

.

“o ~ I I I I I I f“

-.4? ~

tH!KF4F:’‘‘y-”
O J .2 ,3 .4 .5 .6 .7 .8 .9 LO

I I I I I I I

I I

E!

. -.. .



48
-—-:.: ...-.{
-.

.

.

.

. .

.

I I I I 1

./ .2 .3 .4 .5 .6 .7 .8 .9 LO
A434mmbef,M
(d)am, 6°.

/i@#wM.-a?thmtf.

—

.

.



● m

u?

, ,

.

46

I

I

1 I I I I I I

Mzflln81bsr,M
(d U-., 6?

~14—cwhw.

. . . . -. .



. .. . . . -- ..- . . ------ . -. . . ----- .. . . . ..— . . . .

G~
●

C’a ●

./2

.08

.04

0

I
Q’ -

/

~ - — — —

\
-- ------ .—- -. --- --- --- -—- .—. -—- —

L CL,●

I

.“

o .1

15.—V*

.

. * . . . .

.-. . . .


